Purpose: to identify auditory training approaches used in the pediatric population with psychiatric diagnoses and to characterize the contexts in which the intervention took place, as well as protocols and discernment of the results. Methods: a search was carried out in four databases, using the fixed terms "auditory training" OR "auditory rehabilitation". Regarding the sampling, there was a considerable range of diagnoses, signs and symptoms, including the most common ones. Articles published until August 2018 whose population did not present hearing loss were selected; articles whose subjects had made use of any personal sound amplification products, presented otitis or had any isolated diagnosis of auditory processing disorder, were excluded. Results: 16 articles out of the 103 references found, met the inclusion criteria. The samplings studied were children and adolescents with learning, language or reading disorders, dyslexia, attention deficit hyperactivity disorder, autism spectrum disorder and schizophrenia. The bottom-up intervention and the combined approach (bottom--up and top-down), in the formal context, were the most frequent approaches, whose results led to the improvement in linguistic, metalinguistic and auditory skills. The amount and frequency of sessions, as well as their duration varied. Conclusion: the heterogeneity of auditory training techniques diversified the results. However, it seems there is a potential for recommending auditory training in the reviewed population.
INTRODUCTION
Auditory processing, in its classical definition, refers to what we do with what we hear 1 . It's a necessary function for the development of social interaction skills, learning aspects, speech and language 2 .
In the perspective of changes in the auditory behavior in the auditory processing, the training of auditory skills necessary to process acoustic information (which, when altered, may be characterized as Central Auditory Processing Disorder) is defined as a set of strategies aimed at activating the auditory system and its associations, positively changing the auditory behavior and the central auditory nervous system (CANS) [3] [4] [5] . It must be considered that the auditory processing not only includes the auditory system's mechanism, both peripheral and central, but also is influenced by top-down mechanisms, such as language, attention, memory and executive functions 6 .
The main components of the therapeutic intervention approach in auditory training (AT) propose a development by means of bottom-up and top-down mechanisms 7 . Bottom-up deals with neurophysiological coding of auditory stimuli, centripetally directed, form the auditory nerve to the cortical areas, with approaches that make the acoustic signal clearer and/ or improve the acoustic environment, including assistive listening systems, clear discourse and improved room acoustics [6] [7] [8] . According to the authors, in top-down the supramodal processes to hearing (e.g., memory, attention and language) act directly upon the analyses of the acoustic codes, working with language, cognitive and metacognitive strategies, as well as educational interventions with strategies for learning and/or facilitating in the work/home environment, offering compensating methods to minimize deficit in functional hearing.
Two contexts may be identified for the carrying out of AT, i.e., the means to be used 8, 9 . The first is denominated formal AT, which is performed in an acoustically controlled manner with the help of electroacoustic equipment or computer programs. The second is the informal AT, defined as an intervention program executed in a therapy room or under the attention of a teacher or someone responsible for the person, without the need of sophisticated equipment.
Regardless of the mechanism in use for AT and the context in which it was carried out, when it's finished it's all-important to determine the effectiveness of the program that has been used 5 , either by means of behavioral assessment or electrophysiologic auditory tests. Effectiveness refers to the ability of producing and maintaining an effect, i.e., being both efficient and effective. In this sense, the studies with cortical evoked potentials, before and after AT, have shown changes in morphology, latency and amplitude, which were considered to be due to a new reorganization of the central auditory nervous system, being thus interpreted as evidence of plasticity in the neural system 4, 5, [9] [10] [11] [12] [13] .
Regarding the psychiatric diagnoses in children and adolescents, their current estimates are in the order of 13.4%, based on community studies from 27 countries of all continents 14 . According to data from the U.S. Census Bureau, which in 2014 assessed approximately 1.8 billion people worldwide, ranging from 5 to 19 years old, 241 million of them were reckoned to present some sort of mental disorder. In Brazil, literature does not point to an epidemiologic estimate that would represent the whole country, but it does indicate that 7 to 14% of Brazilian children and teenagers present some psychiatric disorder 15 .
Most of child and adolescent psychiatric diagnoses involve a combination of signs and symptoms in four domains: emotional symptoms, behavioral problems, development delay, and relationship difficulties (to which schizophrenia and anorexia nervosa are exceptions 16 ).
The present amount of diagnoses of child and adolescent mental disorders brought about an increase in requests for treatment resources, such as the use of drugs and/or alternative medicine (as the psychotherapeutic), educational services and special services 17, 18 .
Studies demonstrate that in face of the child and adolescent psychiatric issue, many of the samples in which the subjects present spoken language disorders, written language disorders, Autism Spectrum Disorder (ASD), Attention Deficit Hyperactivity Disorder (ADHD), and schizophrenia, are related to some change in the auditory information processing 10, 13, [19] [20] [21] [22] [23] [24] .
Aiming at identifying the AT methods used in the population of children with psychiatric diagnoses, this review also intends to characterize the types of intervention, their protocols (including, but not limited to, the instrument adopted to control effectiveness), as well as the discernment of the results.
METHODS

Search strategy
The integrative literature review was carried out through the search in four databases, which are vastly comprehensive in terms of national and international periodical indexes, namely: PubMed, SciELO, LILACS and PsycINFO. All the references to each and everyone of the articles were checked for inclusion according to the defined criteria.
After some attempts and reviews of the results obtained in each database, considering the losses resulting from the use of the MeSH and DeCS full terms, it was decided to use more encompassing expressions for the terms that referred to the kind of participants and the type of intervention, which were then used in all search interfaces.
The searches in the abovementioned databases were performed by means of the fixed terms "auditory training" OR "auditory rehabilitation", in order to find the greatest number of articles with the intended subject. The other keywords related to psychiatric diagnoses, signs and symptoms in the child population, used for cross-referencing, had as main basis meta-analysis published with the theme of prevalence of mental disorders in children and teenagers 14 , following the diagnostic standards of the International Classification of Diseases (IDC) and the Diagnostic and Statistical Manual of Mental Disorders (DSM). These are the words that were used: autism; ADHD; attention deficit hyperactivity disorders; attention deficit; hyperactivity disorder; language disorders; dyslexia; depression; anxiety disorders; schizophrenia; obsessive compulsive disorder; posttraumatic stress disorder; separation anxiety disorder; social anxiety disorder; selective mutism; conduct disorder; eating disorder; anorexia; bulimia; psychosis; alcohol; drug; encopresis; enuresis; disruptive disorder; Rett Syndrome; Asperger Syndrome; tic disorder; phobia; mental retardation. In all databases, the keywords were presented in English.
For the reading of summaries and full articles, the following inclusion criteria were adopted: a) studies carried out with humans whose population were of children and teenagers (under 18 years old), associated with at least one psychiatric diagnosis; b) auditory training as a rehabilitation process; c) publications without an initial date limit and up to August 15 th , 2018; d) publications in either Portuguese, English or Spanish; e) studies of the following types: case series, longitudinal, transversal, case-control, cohort and clinical trial.
For the exclusion of articles, the following criteria were adopted: a) studies involving animals or adult and elderly population (above eighteen years old); b) children or teenagers without child psychiatric diagnosis, signs or symptoms; c) studies of the following types: narrative review, systematic review, meta-analysis, dissertation, thesis, letter, editorial, commentary, case report; d) studies carried out with child or adolescent subjects with hearing loss of any type or degree, using any sound amplification device (Personal Sound Amplification Product, cochlear implant, bone-anchored hearing aid and/or Frequency Modulation System), ear infection (otitis) and isolated Central Auditory Processing Disorder (CAPD) diagnosis.
Data analysis
the selected scientific articles were studied by two speech-language pathologists who had to fill in a spreadsheet with the following information: a) author and date; b) level of evidence and degree of recommendation; c) description of cases; d) description of method of auditory training (type, number of sessions, frequency, approach and context); e) measurement of effectiveness of the intervention; f) main outcomes.
In order to guide the interpretation, regarding the methodological design of each article, the classification criterion based on the levels of evidence, from 1 to 5, according to what is proposed by the Oxford Centre for Evidence-based Medicine -Levels of Evidence, was adopted 25 . Afterwards, to identify whether the findings could be generalized, each text was further classified as to its level of recommendation. It should be noted that, in this classification system, the "Therapy/Prevention, Aetiology/Harm" column was used. The spreadsheets of both speech-language pathologists were then compared. Whenever there was a difference between them in any of items, the article was fully read together. In case the difference remained, a third professional in the field was called in.
LITERATURE REVIEW
Main findings
Based on the selected terms, 103 references were found; of these, 58 summaries were examined. During the reading, 17 were excluded (30.3%), for the cases included hearing loss, use of sound amplification devices, presence of otitis and/or isolated Central Auditory Processing Disorder diagnosis; another 14 summaries (25.0%) were excluded for not focusing on child psychiatric diagnoses or signs and symptoms. In the end, 18 articles (17.6%) were selected for full reading. Two other articles were yet excluded, one for being a brief communication, and the other for not The flowchart of the screening of references from the databases until the final selection of scientific articles is shown on Figure 1 .
having in its methodologyinformation about the type of auditory training. The selection was thus concludedwith 16 articles.
Figure 1. Flowchart of collection from the databases
that received intervention vs. control group with a condition without intervention vs. group with typical development without intervention (n = 2; 12.5%); group with a condition that received intervention vs. control group with a specific condition that did not receive intervention (n = 1; 6.25%); group with a condition that received intervention vs. control group with psychiatric condition that received a placebo intervention (n = 1; 6.25%).
The age of the subjects ranged from children 3 years old to groups that included teenagers and adults, above the age of 18. The diagnoses of the cases used by the authors in the studied articles varied; however, there was a predominance of children with learning disorder (n = 4) and dyslexia (n = 4), in addition to reading disorder (n = 2), Autism Spectrum Disorder (n = 3), schizophrenia (n = 1), Specific Language Impairment (n = 1) and ADHD (n = 1).
The degree of recommendation and level of evidence in the articles, according to the adopted classification, varied between B/2B (n = 1; 6.25%), B/2C (n = 14; 87.5%) e C/4 (n = 1; 6.25%). The relation of diagnoses and signs and symptoms to the levels of evidence and degrees of recommendation of the selected articles may be seen on Figure 2 .
The year of publication of the articles ranges from 1968 to 2018. There has been noticed no major predominance of publications in any specific year.
As for the keywords that made up the data search for the combinations of child psychiatric diagnosis or signs and symptoms, there was a greater incidence of articles found under "dyslexia", "autism" and "learning disorders", respectively. The following keywords, on the other hand, returned no articles whatsoever: "obsessive compulsive disorder", "oppositional defiant disorder", "posttraumatic stress disorder", "separation anxiety disorder", "social anxiety disorder", "selective mutism", "eating disorders", "anorexia", "bulimia", "alcohol", "encopresis", "enuresis", "disruptive disorder", "Rett Syndrome", "tic disorder" and "phobia".
In the sampled articles, the various authors worked on four different group compositions, namely: treatment groups with a specific condition and control groups (with typical development or with some condition), either having or not received intervention, which were altered according to proposed outline. The variations in the outline of the samplings were as follows: group with a condition which received intervention vs. group with typical development without intervention (n = 7; 43.75%); just the group with a condition that received intervention (n + 5; 31.25%); group with a condition Legend: DLX= dyslexia; AD= attention disorder; LD = language disorder; ASD= Autism Spectrum Disorder; ADHD= attention deficit hyperactivity disorder; SLI= specific language impairment; SZP= schizophrenia. The auditory training approaches, the number of sessions, the duration and frequency of sessions were heterogeneous, and in a number of articles some of these variables were not described. Seven articles used the bottom-up AT approach (37.5%), four used the top-down approach (25.0%), five used both bottom-up and top-down (31.25%) and in only one it wasn't possible to identify it (6.25%). The formal context of applying AT prevailed (n = 14; 87.5%), while in one only the informal context was identified (6.25%); in one article (6.25%) it wasn't possible to specify the context, due to the lack of description in the methodology.
In all articles there was a control of the effectiveness of the adopted auditory training, by means of monitoring before and after intervention. The different means of control were made up of questionnaires, language skills assessments, and behavioral and electrophysiologic tests of auditory processing, which in most cases differed from the moments of evaluation.
When the characteristics of the child psychiatric diagnoses or signs and symptoms of the articles are associated with the adopted approach and context of auditory training, their alternation is noticed. In the conditions of learning disorder and dyslexia, both the bottom-up and the top-down approaches were used separately, as well as together, in the context of formal training; for the diagnosis of ASD, both bottom-up and top-down approaches were used, separately, in the context of formal training; when there was reading disorder, training occurred with simultaneous bottom-up and top-down approaches, in both formal and informal contexts; for ADHD diagnosis, the bottom-up training was used in a formal context, and so it was in the case of Specific Language Impairment; lastly, for the diagnosis of schizophrenia, the bottom-up approach was used in a formal context.
In the main results of the articles, the work carried out among students with learning and/or reading disorders in face of a proposed auditory training program affected both the perception of sound and its cortical representation. They have also shown to have plasticity in the neural codification of the speech sounds in the cortex, with better performance in phonologic awareness and phonemic abilities. The improvement in the performance in auditory behavior may be attributed to plasticity 10, [26] [27] [28] . In the studies involving dyslexic subjects, the observed improvements were greater agility in accomplishing tasks, speed and precision in identifying words, improvement in reading tests performance, phonologic awareness and evolution in phonologic decoding, as well as in auditory behavior tests 11, 29, 30 .
In the samples of the three studies 12,20,24 with subjects diagnosed with ASD, those children presented an improvement after intervention for auditory sensitivity, dichotic hearing, cortical processing and decrease in latency of the brainstem auditory evoked potential for speech sounds. For those diagnosed with ADHD 22 , the only study found points to a decrease in impulsiveness in auditory detection tasks.
In the study which worked with the schizophrenia diagnosis 23 , the results achieved by the subjects in face of AT showed improved in global cognition, verbal memory and problem-solving, as well as in the functioning of the motivational system, proving to be more efficient in the fast processing of verbal stimuli.
The identification and description of the 15 articles, according to the questions used in the research, may be consulted in Table 1 . Legend: TGwI = treatment group with pathological condition that received intervention; CGwI = control group with a condition that received intervention; CGnoI = control group with a condition that did not receive intervention; EGnoI = eutrophic group that did not receive intervention; min. = minute(s); h= hour(s); x = times; / = by; Dis. = disorder; ASD = autism spectrum disorder; ADHD= attention deficit hyperactivity disorder; SLI = specific language impairment; CAPD = central auditory processing disorder. *Level of evidence and degree of recommendation according to Oxford Centre for Evidence-based Medicine -Levels of Evidence 25
There has been noticed in literature paucity in studies that used AT as a means of intervention in children with psychiatric diagnoses or signs and symptoms. However, those that did refer to this methodology with such population report improvements in auditory, language, learning and cognitive skills.
The initial purpose of the searches carried out for the bibliographic survey of this integrative literature review was only the child psychiatric diagnosis associated with auditory training. However, it was noticed that a great majority of the references associated AT with signs and symptoms, which was then taken into account. The child psychiatric diagnosis poses a challenge, once great part of psychiatric disorders are diagnosed by the combination and intensity of signs, or objective findings characterized by the examining doctor, symptoms, through registered complaints, and functional loss 31, 32 . In spite of the assistance provided by classification systems, such as DSM and IDC, symptoms are overlapping and there are always individual and subjective aspects that act upon the patient's clinical results and diagnosis 31 .
In the studies included in this review, the variability of composition of the treatment groups shows that, for the studied population there's still no consensus in the researches to provide uniformity of these in relation to the control group. Aiming at being a parameter for controlling the evolution in the group with a specific psychiatric diagnosis or signs and symptoms, the control group is formed by subjects in the same condition, but divided in those that didn't receive intervention, those that were intervened with placebo, and those with typical development, either having or not received intervention. The literature does not contemplate a recommendation for studies with AT in regard to group composition; nevertheless, these characteristics refer not only to this population, but also to researches whose samples involve subjects with CAPD, the CI and PSAP users, and/or aphasic subjects [33] [34] [35] .
The most prevalent methodological outline has a "2C" level of evidence, followed by another two articles with "2B" and "C" levels of evidence, extremes in the classification of the selected ones. As for the degree of recommendation, grade "B" prevailed. Most important in this analysis is to identify that in 93.75% of the articles (15 out of 16), those with grade "B" of recommen-dation1 0, 11, 13, [19] [20] [21] [22] [23] [24] [26] [27] [28] [29] [30] 36 , presented believable results, i.e., their results may be generalized to the studied conditions, being thus useful for clinical decision-making.
The study with the lower degree of recommendation, classified as "C" 12 , suggests that there are minimal satisfactory evidences in the analysis of results, so that the benefits presented don't justify a generalization of the recommendation, once there's not enough sufficiently favorable evidence strength 25 . It's fitting to observe, since this classification system was chosen for its comprehensiveness to different studies, as it is in the specific case of the theme of therapeutics, that it does not differentiate studies with or without control groups, and, as a criteria for greater level of significance, it uses randomization in the sampling distribution, in which only one study presented this requisite for higher grading. Nonetheless, the choice for this system resulted from it being the most used in the different conditions of human health.
The most adopted auditory training approaches were the of the bottom-up type or the mixed, bottom-up and top-down, occurring respectively in 37.5% and 31.25% of the selected articles. This shows that the bottom-up intervention has been frequently used in this population, either associated or not with top-down mechanisms stimulation for a better approach and more comprehensive results, not only in the context of sensory stimulation, but also along with metalinguistic and metacognitive strategies.
Both approaches benefit from what underlies the AT theory, the neural plasticity, being the CANS capable of reorganizing at the cortical level through experiences and stimulation 8 . Plasticity in the context of the auditory system, which refers to alterations in nerve cells caused by environmental influences capable of showing behavioral changes, is distinguished in three different types, namely: 1) development plasticity; 2) compensated plasticity, resulting from an injury in the auditory system; 3) learning-related plasticity 5, 37 .
This neural reorganization, in general, happens in two ways: it either activates neurons or connections previously inactive, or incites new neural connections to be formed 5 . According to the authors, these changes may be slow to happen, demanding more time and training, or they may be fast, without intervention, coming about only through development and/or maturation. Literature also reports that auditory cortical plasticity, as nerve cells improve by influence of the environment, brings about behavioral changes 10, 38 .
The proposed AT carried out in the abovementioned approaches may further differ in relation to the context in which they were applied, formal or informal, which diverge as to the use of technological resources in order to acoustically control the stimuli presented during the training 8, 39 . In the articles reviewed here, it was possible to identify that 87.5% made use of the application of AT in a formal context, which demonstrates greater zeal for the acoustic properties and characteristics of the stimuli used for the best effectiveness of the chosen AT approach.
Even though the intervention must be personalized for each case, the bottom-up and top-down training approaches are complementary and must be incorporated in order to maximize the effectiveness of the treatment 7 .
Observation of the patient's evolution is made possible by means of the registry and comparison of qualitative and quantitative data, both before and after auditory stimuli through AT 33, 40 . Considered to be a key element for measuring the effects of any AT program, its effectiveness is thus indispensable 5 . In the selected studies, it was monitored by means of a pre-and postintervention analysis methodology, which was in great part monitored by the behavioral assessment of the auditory processing. There was also a variation in the use of questionnaires, and in the linguistic and electrophysiologic assessment of the auditory processing. To reveal the maturity of the auditory system and the level of neuroplasticity occurred during the auditory training is one of the main goals of the control of effectiveness in AT 5, 41 . Furthermore, the evolution in functional skills (e.g., auditory comprehension andoral linguistic processing in educational activities) is considered as a true measurement of the effectiveness of an AT program 39 .
The articles analyzed in this integrative literature review, as well as most of the articles intending to study the effects of AT through a reevaluation after the training is carried out, measure it immediately. This is a gap that needs to be closed with new researches in studies that evaluate the effectiveness of training programs with CPAD, especially in the long term.
The amount of sessions, their frequency and duration were variables that wavered according to population, so that the AT approach would better suit the objective of the study. Even though it's accepted that, in order to increase neuroplasticity, intervention must be frequent, intense and challenging, it's justifiable that the doctor consider minimizing time and efforts necessary for promoting the same developmental scale of the patient, even when there's yet no recommendation with scientific evidence to determine the frequency and intensity of the AT intervention processes 39 .
In summary, in the main results of the studies, regardless of the cases and the AT methodology used by the authors, the sampled subjects in the trained treatment groups presented improvement in linguistic and auditory skills, as compared to the evaluation carried out before the intervention, as well as in cognitive abilities. Only in the study authored by Feldmann; Schmidt; Deutsch 19 the results presented little evidence to back up the author's initial hypothesis, whose auditory skills development program chosen for the study would work as a corrective measure for socially disadvantaged children with reading disorder.
Even if in the selected studies the results differed from each other, though congruous with the intervention model and intended objective for the studied population, the registry of the authors regarding observable evolutions is notorious, being them either significant or merely qualitatively described. The authors' conclusions refer to the goal of the applied AT, since the auditory stimulation, in order to restructure synaptic activity and provoke plasticity in the CANS 36 , resulted in improvements in the behavioral activities of the subjects. It's important to point out that these results were observed in a population with psychiatric diagnoses, in conditions that affect development. Thus, the auditory intervention process is a complementary strategy, not an exclusive one, in the cases in which there's medical recommendation for medicated treatment.
CONCLUSION
The bottom-up and the mixed (bottom-up and top-down) AT approaches were used in most of the studies, the formal context of training being the most frequent one. The protocols are heterogeneous in relation to the number and duration of sessions, as well as their frequency. Behavioral assessments were the most recurrent instruments for the control of effectiveness, followed by the combined use of behavioral and electrophysiologic assessments. The proposal of therapeutic intervention by means of AT in the population with diagnosis and signs and symptoms of child psychiatric has proved to be capable of promoting behavioral, auditory, cognitive and linguistic benefits in conditions such as dyslexia, ASD, schizophrenia, ADHD, learning disorder and language development disorder.
